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Background 

This invention generally relates to design software, such as finite element 
analysis (F.E.A.) software, which engineers use to design things such as self-piercing 
rivets, and more specifically relates to design software which receives inputs relating 
to design requirements, performs an analysis of a proposed design, and effectively 
indicates whether the proposed design meets the design requirements. 

Engineers often use design software, such as finite element analysis (F.E.A.) 
software, to analyze proposed designs, such as self-piercing rivets. Such software 
typically provides that the engineer inputs some information about the proposed 
design and directs the software to perform an analysis. The software analyzes the 
proposed design and generates a stress plot. Once the software has generated the 
stress plot, the engineer must study the stress plot to determine whether the proposed 
design is acceptable. 

The engineer must determine from the stress plot whether the design meets 
design requirements as well as determine whether the design is over-designed. With 
regard to possibly being over-designed, the engineer must determine from the stress 
plot whether a less robust or cheaper rivet design would still be acceptable and meet 
the design requirements. If the design appears, from the stress plot, to be unacceptable 
in light of the design requirements or to be over-designed, the engineer must 
determine from the stress plot what to change about the design to achieve more 
acceptable results. This process is typically repeated several times in order to arrive at 
an acceptable design. 




Hence, current design software provides that the design process is a relatively 
tedious, repetitive trial and error procedure. Additionally, the software provides that 
the engineer must be skilled at reading a stress plot in order to efficiently use the 
software. 



Objects and Summary 

A general object of an embodiment of the present invention is to provide design 
software which provides that a user need not be skilled at reading a stress plot in order 
to use the design software. 

Another object of an embodiment of the present invention is to provide design 
software which receives design requirement inputs and effectively indicates whether a 
proposed design meets the design requirements. 

Still another object of an embodiment of the present invention is to provide 
design software which provides post-analysis output values for comparison to design 
requirement input values so an engineer can readily see whether a proposed design is 
acceptable. 

Briefly, and in accordance with at least one of the foregoing objects, an 
embodiment of the present invention provides design software that is relatively easy to 
use and provides that a user need not be skilled at reading stress plots. The design 
software receives design requirement inputs in addition to inputs about the proposed 
design, performs an analysis, and effectively indicates whether the proposed design 
meets the design requirements. The design software provides numerical output values 
for comparison to numerical design requirement input values so the user can readily 
see whether, and how, the design is unacceptable or is over-designed. 



Brief Description of the Drawings 

The organization and manner of the structure and operation of the invention, 
together with further objects and advantages thereof, may best be understood by 
reference to the following description, taken in connection with the accompanying 
drawings, wherein like reference numerals identify like elements in which FIGURES 
1-17 are screen shots relating to design software which is in accordance with an 
embodiment of the present invention. More specifically: 

FIGURE 1 illustrates an opening screen, a login screen, a disclaimer screen, a 
pre-analysis screen and an analysis screen; 

FIGURE 2 illustrates a screen wherein the project is defined; 

FIGURE 3 illustrates a screen wherein the anvil, workpiece(s) and rivet are 
displayed; 

FIGURE 4 illustrates a screen wherein the rivet is defined; 
FIGURE 5 illustrates a screen wherein the joint is defined; 
FIGURE 6 illustrates a screen wherein the installation equipment is defined; 
FIGURE 7 illustrates a screen wherein the anvil is defined; 
FIGURE 8 illustrates a screen wherein the plunger is defined; 
FIGURE 9 illustrates a screen wherein design requirements are input; 
FIGURE 10 illustrates a screen wherein input combinations can be selected and 
a database searched; 



FIGURE 1 1 illustrates a screen wherein finite element analysis parameters are 

set; 

FIGURE 12 illustrates a screen relating to post-analysis output plots and 
calculations; 

FIGURE 1 3 illustrates a screen showing the rivet both before and after 
installation; 

FIGURE 14 illustrates a screen showing the rivet after installation, and 
showing a comparison of deformation output values to the design requirement inputs; 

FIGURE 1 5 illustrates a screen showing the rivet after installation, and 
showing a comparison of stress output values to the design requirement inputs; 

FIGURE 1 6 illustrates a screen relating to the loading which would be required 
to push out the rivet after the rivet has been installed; and 

FIGURE 17 illustrates a screen wherein a safety factor plot relating to a 
plurality of iterations is displayed. 



Description 

While the present invention may be susceptible to embodiment in different 
forms, there is shown in the drawings, and herein will be described in detail, an 
embodiment thereof with the understanding that the present description is to be 
considered an exemplification of the principles of the invention and is not intended to 
limit the invention to that as illustrated and described herein. 

FIGURES 1-17 are screen shots relating to design software which is in 
accordance with an embodiment of the present invention. The design software is 
relatively easy to use and provides that a user need not be skilled at reading a stress 
plot in order to use the design software. The design software is configured to receive 

design requirement inputs and effectively indicate whether a proposed design meets 
the design requirements. 

While FIGURES 1-17 illustrate specific screen shots, the screen shots shown 
are merely representative, and actual screen displays employed in connection with the 
present invention may look completely different. Additionally, while the screen shots 
and the following description relate to the situation where the design software is 
configured for designing self-piercing rivets, the design software may be configured 
otherwise to allow the analysis and design of other things besides self-piercing rivets. 

FIGURE 1 illustrates five separate screen shots. Screen shot 1 in FIGURE 1 is 
an opening screen which displays the name, vendor, and version of the software. 
Screen shot 2 is a login screen wherein a user inputs a user name and password. The 
screen also provides the user with the opportunity to change the password as well as 



displays contact information. Screen shot 3 is a disclaimer screen which displays a 
disclaimer and provides the user with an opportunity to either accept or decline the 
disclaimer. If the user accepts the disclaimer, the user may use the software and 
access the other screens. 

Once the user has accepted the disclaimer, the software basically operates in 
three different stages: 1) pre-analysis, wherein inputs are received from the user 
relating to the proposed design and design requirements; 2) analysis, wherein the 
proposed design is analyzed; and 3) post-analysis, wherein the results of the analysis 
can be reviewed by the user, and the proposed design can be assessed with relation to 
the design requirements. 

Screen shot 4 of FIGURE 1 is a screen which relates to the pre-analysis stage. 
The screen includes a list of inputs to be provided by the user, and an analysis "go/no 
go" indicator 20. As the software receives the inputs from the user (to be described 
below with reference to FIGURES 3-11), the analysis "go/no go" indicator 20 
effectively indicates whether the inputs which have been input are adequate for the 
software (and computer running the software) to be able to perform an analysis. When 
the analysis "go/no go" indicator 20 alights, it effectively indicates to the user that a 
sufficient number of inputs have been received and that the inputs which have been 
received are acceptable (i.e. they are within acceptable ranges) such that the user may 
direct the software to perform the analysis. If the analysis "go/no go" indicator 20 is 
not lit, this basically indicates to the user that there is a fundamental problem with the 
set of inputs which have been provided ~ i.e. either the software needs additional 
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information before it (and the computer running the software) can perform the 
analysis, or one or more of the inputs which have received from the user are outside of 
an acceptable range such that an analysis cannot be performed or would be 
impractical. If the analysis "go/no go" indicator 20 alights, the user may click thereon 
to direct the software to perform the analysis. The software may be configured, for 
example, to thereafter perform calculations, such as perform a finite element analysis, 
on the inputs which have been received by the user. 

Screen shot 5 is an analysis screen which indicates problems with the analysis, 
the status of the analysis and/or whether the analysis has been completed. Screen shot 
5 appears after the user has input the required information and has directed the 
software to perform an analysis. In other words, screen shot 5 in FIGURE appears 
during the analysis stage. 

As discussed above, during the pre-analysis stage, the software receives inputs 
from the user about the proposed design and the design requirements. FIGURE 2 is a 
screen shot which displays during the pre-analysis stage, and displays the list of inputs 
which are to be received during the pre-analysis stage as well as the analysis "go/no 
go" indicator 20. As shown, also displayed is a general picture 22 of the proposed 
design. In the case of a self-piercing rivet, the display includes the rivet 24, the 
workpieces 26 and the anvil 28, as well as a recess 30 in the anvil 28 for receiving the 
deformation of the workpieces 26 and rivet 24 during rivet installation. 



FIGURES 3-11 are screen shots which relate to the inputs which are received 
from the user during the pre-analysis stage. To get to any of the screens shown in 
FIGURES 3-11, the user merely need click the corresponding button in the list of 
inputs above the analysis "go/no go" indicator 20. The screen shown in FIGURE 3 
provides that a user can define the project, which allows the computer to save the 
project so that it can be recalled by the user. This also provides that a database of 
projects can be formed. The screen shown in FIGURE 4 provides that the user can 
define the head style of the rivet, which cause the software to display output values 
relating to the width of the head of the rivet (dimension 40) and the thickness of the 
head of the rivet (dimension 42). As shown in FIGURE 4, the following aspects of the 
rivet can also be defined by the user: the external (dimension 44) and internal 
(dimension 46) diameter, the length of the main portion of the rivet (dimension 48), 
and the length of the legs 50 of the rivet (dimension 52). Additionally, the material 
which forms the rivet may be defined. As shown, the software may be configured 
such that some or all of the items may be defined using pull down menus. 

The screen shown in FIGURE 5 provides that the user can define the joint. As 
shown, the width (dimensions 60, 62) and material of the top and bottom sheets (i.e. 
the workpieces) can be defined, and the software may be configured such these items 
may be defined using pull down menus. 
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The screen shown in FIGURE 6 provides that the user can define the 
installation equipment 64. As shown, the software outputs the collective height 
(dimension 66) of the workpieces 26 and rivet 24, and the user inputs dimension 68 
relating to the rivet machine 64, such as by using a pull down menu. Additionally, the 
installation speed and maximum cylinder pressure can be defined. 

The screen shown in FIGURE 7 provides that the user can define the anvil 28. 
As shown, the depth of the pocket or recess (dimension 70) in the anvil 28 can be 
defined, as well as the anvil type and the material which forms the anvil. Of course, 
the software may be configured such that pull down menus can be implemented. 

The screen shown in FIGURE 8 provides that the software displays information 
about the plunger 80, such as dimensions 82 and 84, and that the user can define the 
material that forms the plunger 80. 

The screen shown in FIGURE 9 provides that the user can input design 
requirements. Specifically, FIGURE 9 provides that the user can input the riveted 
joint requirements. As shown, minimum wall thicknesses can be defined, as well as 
maximum stress values. Further, a maximum allowable distance from under the head 
of the rivet to the top sheet can be input, and well as a requirement with regard to the 
rivet flair. 
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The screen shown in FIGURE 10 provides that a database is searched after the 
inputs have been received to identify any previous projects which are very similar to 
that which has been defined by the user. Additionally, the software may be configured 
such that the user can selectively search the database for a given project which has 
been analyzed and saved previously. 

The screen shown in FIGURE 1 1 provides that parameters regarding the 
analysis can be defined. For example, if the software is configured to perform a finite 
element analysis, then parameters regarding the finite element analysis can be defined. 

FIGURE 12 is a screen shot which generally relates to the post- analysis stage 
(i.e. after the user has input all the required values (generally FIGURES 3-11), has 
clicked the analysis button 20, and the computer has finished performing the analysis). 
The screen shown in FIGURE 12 provides a list of output plots and results which can 
be reviewed, as well as a button 90 which can be clicked to return to the pre-analysis 
stage (i.e. generally FIGURES 3-11). To get to any of the screens shown in FIGURES 
13-17, the user merely need click the corresponding button in the list above button 90. 

FIGURES 13-17 are screen shots which relate to the output plots and results 
which are generated by the software and which can be reviewed by the user. The 
screen shown in FIGURE 13 provides a plot of the rivet both in the deformed and 
undeformed state, as well as lists the output load and the safety factor ("S.F."). As 
shown, the software may be such that there is a zoom capability, the ability to add or 
remove objects and an animation capability, wherein the rivet is shown being installed 
into the workpieces. 
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The screen shown in FIGURE 14 provides a deformation plot which displays 
dimensional results. As shown, the software may be configured such that output 
values 100 relating to dimensions are displayed (i.e. values relating to deformation 
which the software and computer have calculated during the analysis) proximate the 
corresponding design requirement input values 102 (see FIGURE 9) for comparison. 
In other words, the software is configured such that output values 100 are listed next 
to design requirement input values 102 for comparison. This provides that the user 
can readily see if the design meets design requirements and whether and how the 
design is over-designed. The software may be configured such that output values 
which meet design requirements appear in one color, such as green, while output 
values which do not meet design requirements appear in another color, such as red. 
Alternatively, the output values can be mathematically compared to the design 
requirement inputs value and only a resulting mathematical value can be displayed. 
Regardless, the important aspect is that the software is configured to effectively allow 
a comparison of output values to design requirement input values so that the user can 
determine quickly and easily whether the design is acceptable. As shown in FIGURE 
14, the software may also have a zoom and animation capability with regard to the 
deformation plot. 
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FIGURE 1 5 is much like FIGURE 14, but provides stress results instead of 
deformation results. Like FIGURE 14, the screen shown in FIGURE 15 provides a 
comparison of output values 100 and corresponding design requirement input values 
102 so that the user can quickly and easily see whether the proposed design is 
acceptable. Additionally, safety factors ("S.F.") 104 are displayed. 

FIGURE 1 6 is a screen shot which relates to push-out loading, or the load 
required to push the rivet out after it has been installed. As shown, the screen may 
display the maximum required push-out load (which may have been input as a design 
requirement) and the push-out load at yield. 

Preferably, the software is configured such that it calculates safety factors of 
the proposed design based on the inputs regarding the proposed design and design 
requirements which have been received. As shown in FIGURE 17, preferably the 
software is configured to display a safety factor plot which effectively lists the safety 
factor corresponding to each of the design requirement input values (in FIGURE 17 
there are sixteen). This provides that the user can go back and change the design input 
values, attempting to arrive at a "bulls eye" wherein each of the safety factors 
approaches zero. Hence, the safety factor plot allows the user to arrive at an optimum 
design quickly and easily, effectively guiding the user toward the optimum design. 

In summary, to use the software, the user runs the software (screen 1 in 
FIGURE 1), logs in (screen 2 in FIGURE 1), and accepts the disclaimer (screen 3 in 
FIGURE 1). The software then goes into a pre-analysis stage (screen 4 in FIGURE 1, 
and FIGURE 2), wherein the user can input values regarding the proposed design and 
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design requirements (FIGURES 3-9) as well as define parameters regarding the 
analysis to be conducted (FIGURE 11). A database of input values and analysis 
results may also be searched (FIGURE 10). Once enough inputs have received and the 
inputs are within acceptable ranges, the analysis "go/no go" indicator 20 (see 
FIGURES 2-11) indicates that an analysis can be performed. Then, the user can direct 
the software to perform the analysis (such as by clicking on the analysis button 20 — 
FIGURES 2-11). The software (and computer running the software) then performs the 
analysis (screen 5 in FIGURE 5), and thereafter goes into the post-analysis stage 
(FIGURE 12) wherein the user can view analysis results (i.e. output values) and plots 
(FIGURES 13-17). As described above, the software facilitates a comparison of the 
output values with design requirement input values. Hence, the user can readily see 
whether the design is acceptable. After the user has viewed the results of the analysis, 
the user can go back to the pre-analysis phase (such as by clicking on button 90 on 
FIGURES 12-17) and try different input values. 

Again, while FIGURES 1-17 illustrate specific screen shots, the screen shots 
shown are merely representative, and actual screen displays employed in connection 
with the present invention may look completely different. For example, the software 
may be configured such that user does not physically enter the design requirement 
input values, but rather pulls up a file containing same. Additionally, while the screen 
shots and the foregoing description relate to the situation where the design software is 
configured for designing self-piercing rivets, the design software may be configured 
otherwise to allow the analysis and design of other things besides self-piercing rivets. 
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As described above, the software is relatively easy to use and provides that a 
user need not be skilled at reading stress plots. The software receives design 
requirement input values and effectively indicates whether the proposed design meets 
the design requirements. Hence, the software is configured such that a user can come 
to an acceptable design quickly and easily, and may try to optimize the design 
relatively easy using the software. 

While an embodiment of the present invention is shown and described, it is 
envisioned that those skilled in the art may devise various modifications of the present 
invention without departing from the spirit and scope of the following claims. 
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